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CYTOKINES IN CHRONIC INFLAMMATORY ARTHRITIS 
I. Failure to Detect T Cell Lymphokines (Interleukin 2 and 
Intcrleukin 3) and Presence of Macrophage Colony-stimulating Factot 
(CSF-I) and a Novel Mast Cell Growth Factor in Rheumatoid Synovitis 

Bv GARY S. FIRESTEIN, WEI-DONG XU, KAY TOWNSEND.' DAVID BROIDE 
JOSE ALVARO-GRACIA. ANDREW GLASEUROOK ' 
AND NATHAN J. ZVAIFLER 

Sxtn D.,g<i Cal,fom,a 92 JOS; end 'Lilly R,s^rch Laboratory. La Jolla, California 92037 

Current models of rheumatoid arthritis (RA)' implicate lymphokines in the 
recruitment and activation of T cells in the synovium (1, 2). However, adequate 
documentation of significant amounts of these proteins in the joint is limited In 
fact, recent studies have found only very low levels of IFN-y in synovial fluid (SF) 
and tjssuc of patients with RA (3). This relative lack of IFN-y seems contradictory 
m light of morphologic and immunohistochemicaJ evidence of T cell activation in 
the RA synovium (4-6). 

Because of this paradox, we decided to study two other T cell lymphokines (IL-2 
and IL-3) in rheumatoid synovitis. In this study, we report that neither IL-3 RNA 
transcript nor rL.2 could be detected in rheumatoid joint samples. However, colony- 
stimulatmg factor (CSF) and mast cell growth factor (MCGF) were observed. Th Je 
data support the notion that T cell lymphokines are not abundant in the rheuma- 
toid joint and that most soluble inflammatory mediators appear to be produced by 
macrophages, synovial lining cells, fibroblasts, and endothelial cells in the synovium. 

Materials and Methods 

«K.^"*irf hCSF-l (macrophage (M).CSF), and the hCSF-1 cDNA were 

ooiainea irom Oetus Corp. (Emeryville, OA). hrIL-3 and hrIL-4 were purchased from Gen- 
zymc (Cambridge MA). Human recombinant granulocyte/macrophage (GM)-CSF 
E3-CSFr„dbn T^'^/T.u^fS Biologicals (Thousand Oaks. CA). Murine (m)rl^3. 
^Gxi^Oi ^f/i " (?«">'>«idge, MA) provided the human IL-S cDNA. IFN- 
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Patients, Male rials Trom paiicnis with active classic or definite RA (7) or other forms of 
chronic inflannn)aiory synoviris, sucli as psoriaiic arthritis, Rcitcr's syndrnmc, and ankylosing 
spondylitis^ were studied. Joint aspirations were only performed if clinically indicated; in- 
fonncd consent was obtained before the procedure in accordance with Human Subjects Com- 
mittce requirements. 

67'' and ST Supernatant Preparations, SF was aspirated aseptically into hcparinized syringes 
from the knee joint of patients with active arthritis. 'J'hc fluid was separated from cells by 
ccntrifugation at 400 ^ and frozen ai - 70**C until assayed. ST supcrnaiants were prepared 
as previously described (3), Briefly, rheumatoid tissue obtained at the timcof total joint replace- 
ment surgery was digested for 3 h with collagcnasc and DNasc (Sigma Chemical Co.» St. 
Louis, MO) at 37**C. The resultant single cell suspension was washed and filtered through 
a nylon mesh and the red cells were lyscd with hypotonic PBS. Cells were cultured at a den- 
sity of 2-3 X lOVml in RPMl 1640 supplemented with 10% FCS (Oibco Laboratories, 
Grand Island, NY) for 3 d at 37°C and 5% COj. Supernatants were harvested and filtered 
afier 3 d and frozen at -70**C until assayed. 

IL-2 Biofissay. 4x10^ CTLL tells (8) were cultured in microti ter wells in 100 jil of DME 
(Gibco Laboratories) plus dilutions of the test sample for 28 h. pH]TdR was added for the 
fmal 4 h of culture. Cells were harvested and thymidine uptake was determined in a scintilla- 
tion counter. In some experiments, the mAb P06I (9) was prcincubaled with the cells at 
37'*C for 30 mi n before the addition of test sample in order to block IL-2-K. 

!L'2 Immunoassay, Microtiter wells were coated with 50 iil of mAb to iilL-2 overnight 
at 4<*C. The wells were then blocked with 5% casein for i8 h at 4**C. After plates were washed 
with PBS-Twccn, 50 m-1 of each sample was added to duplicate wells and incubated at 37*C 
for 2 h. After washing with PBS-Tween, rabbit anli-h [L-2 (Genzyme) diluted in 5% casein 
was incubated in the wcils for 2 h at i-oon> temperature. Plates were again washed and goat 
an ti -rabbit antibody conjugated to alkaline phosphatase was incubated in wells for 2-3 h 
at room temperature. After wn.shing, 50 pi of/r-nitrophenyl phosphate (1 mg/ml) (Sigma Chem- 
ical Co.) was added. Plates were read on a micro- ELISA reader (Dynatcch Laboratories, Inc., 
Chaniilly, VA) at a wavelength of 405 nm, rIL-2 was used as a positive control. 

MCGF assay. Bone marrow cells from BALB/c mice were grown for 3 wk in flasks con- 
taining RPMI 1640 plus 10% FCS and 20% WEHl-3 supernatant (containing mIL-3). Ap- 
proximately 99% of viable cells were mast cells as shown by morphology and toluidine blue 
stain in acid. Mast cells were rcsuspcnded in RPMI 164<1 phis 10% FCS and 5 x 10* were 
cultured in quadruplicate wells at 37^0 and 5% CO2 for 48 h. Cells were pulsed with 
['H]TdR during the final 18 h, harvested, and counted on a scintillation counter. 

Murine CSF Assay, Bone marrow cells wore harvested from CBA/J mice and washed in 
DME plus 10% FCS, Adherent cells were removed by incubating the cells in plastic petri 
dishes for 1-2 h at 37°C and 5% CO2. 2.5 x 10* nonadherent cells were resuspended in 
2.5 nil of modified Iscovc's medium, JO** M 2-ME, 1% mcthylcellulosc, 25% FCS^ and test 
factor. SF were tested at a lUO dilution and ST supernatants were tested at either a i:iO 
or j:5 dilution. I ml of the suspension was added to duplicate 35*mm petri dishes and cul- 
tured at 37*G and 5% CO in a humidified incubaion Colonies (>50 cells) were counted using 
an inverted microscope on day 10. In some experiments the cells were fixed to slides using 
a cylospin apparatus and were stained with Wright-Gicmsa stain. 

Ckaraclerizaiion of CSFand MCGK SF or ST supernatant was concentrated two- to fivefold 
and fractionated on a 75 cm x 1.5 cm Sephadcx G-IOO column at 4°C. liach 3-ml fraction 
was assayed for CSF and MCGF. 

Riboprohe Protection Assay. Riboprobc protection assays were performed as previously de- 
scribed (10). Briefly, synovial cells were solubilized in 7.6 M guanidine hydrochloride Q. T. 
Baker Chemical Co., Phillipsburg, NJ), 100 mM potassium acetate (Sigma Chemical Co.), 
0.5% «-lauroylsareosine (Sigma Chemical Co.), 100 mM2-ME (Sigma Chemical Ca). RNA 
was precipitated by the addition of ethanol. RNA probes were prepared using linearized DNA 
template, cold nucleotides, a-["P)UTP (ICN Pharmaceuticals, Inc., Irvine, CA), and"SP6 
polymerase (Promega Biotech, Madison, WI). The RNA from 10* cells was hybridized with 
a-JiH-labcled RNA probes in 80% formamidc overnight at 42**C. Unhybridized probe was 
then digested with ribonuclcase A and incubated with proteinase K (b6th from Sigma Chem- 
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min'TsEM!'"'"'"' "^'"^ S.udcn.'s , ,csc. Da.a are prccn.ed as 

Results 

Low Levels of IL-2 in RA SF 

Bioassqy. The lL-2-dcpendcnt murine cell line CTLL was incubated with var- 
■ous concentrations o hrIL-2. As shown in Fig. 1 A, there was a sa.urable. doJe- 
dependent increase ccl prohferaiion, as assessed by (^HlTdR incorporation/when 
«= Is were premcubated w.th the mAb PC61 (which conipetitively blocks .he IL-2- 
R), there was no effect m the presence of saturating amounts of IL-2. At lower con- 
cent rauons of IL-2. PC61 inhibited IL-2-inducedCTLLprolifera,ion uZg lis 
method, 14 RA SF were assayed for IL-2 activity. Six (43%) induced a signilcan! 
mcrease m thymidine uptake (greater than three times medium control). Preincu- 
bation of cells with PC6I had no effect on proliferation induced by any of the six 
pcxsiuve samples see F.gs. I. B and C. for representative experiments). Therefore, 
iiie C 1 LL-stimuIatmg activity in SF was not IL-2 
Immunoassay. A specific ELISA for IL-2 was used to confirm the bioassay results 
his assay can detect 25-50 pg/ml of hrIL-2 (3 x ]0« U/mg). Using this method; 
.he supcmatants of PMA (Sigma Chemical Co.)-stimulated HUT cells (a human 
1 cell line) were found to contain ~10 ng/ml of IL-2. 15 RA SF samples were as- 
sayed using the ELISA (including 2 that were positive in the CTLL proliferation 
assay) and no IL-2 was detected. 

Growth Factor Actioity in SF 

When these experiments were initiated, testing for IL-3 was problematic because 
human IL-3 had not been identified and no reliable assay was available. In the mouse 
however, u was known that IL-3 had many activities, including the ability to func- 
tion as a multilmeage colony stimulating factor as well as to stimulate mast cells 
and IL-3-dependent leukemic cell lines (11). Extrapolating from studies in mice, two 
assays were used to study synovial fluids; namely a CSF assay using bone marrow 
01 mice and a murine MCGF assay. 

Prohfiration o/MurimBone Marrow Most Cells. A cell population containing >99% 
mast cells was prepared by cultivating murine bone marrow in the presence of WEHI-3 
supernatant (which is a rich source of mIL-3) for 3 wk. These mast cells proliferated 
"""^^'^ WEHI-3 supernatant but not to hrlL-lp, IL-2 IL-4 
-CSF-1. GM-CSF. G-CSF, IFN-y, IFN-a.-LPS, orPHA (data tio. sho^. Th''rS^^^^^ " " 
of experiments assaying joint samples for MCGF activity are summarized in Table 
1. As expected, the WEHI supernatant vras a potent stimulator of mast cell prolifer- 
ation. A representative dose response is shown in Fig. 2 /I. 20 RA samples were 
assayed (three representative dose responses are shown in Fig. 2 B) f'HlTdR ud- 
lake was significantly greater for RA SF (2,910 ± 328 cpm) compared with either 
plasma or medium controls (J, < O.QOl). Of the 20 rheumatoid fluids tested. 8 fluids 
were studied with extensive serial dilutions. In 4 of these, proliferation was relatively 
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Figure I. IL-2 assay. CTLL 
cells w€rc cultured with serial tli- 
lutions of IL-2 or test sample for 
28 h and pulsed with ('HITdR 
for the last 4 h- In some expcri- 
nicnts» cclU were prcincubatcd 
wUh mAb PC6I, which binds to 
die ml L-2-R and competes with 
both human and mIL-2. {A) 
Dose- response £urye for IL-2 
with and without PC6I. (5 and 
C) Representative examples of 
dose- response curves for (SF) 
that stimulated CTIX prolifer- 
ation. Preincubation of cells 
with PC6] did not block prolif- 
eration. 



low at high concentrations of SF and did not peak until at least a i;i6 dilution (see 
Fig. 2 B for two examples). This has two implications; Firat. the level of proliferation 
at low concentrations of SF approached that of WEHI supernatant, which suggests 
that substantial quantities of MCGF are present. Second, an inhibitor of MCGF 
interferes with the mast cell proliferation at high concentrations of SF. 

Two supernatants of cultured RA ST were assayed. Both significantly increased 
mast cell proliferation (see Tabic I). The MCGF activity was not.found exclusively 
m RA samples. Rheumatoid variaat SF were also positive, but the level of prolifera- 
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Masl Cell Growlh Factor Assay 


^niplc 


f^H|Tda upiake 


Medium (n ™ 7) 
Normal plasma {n » 4) 
WEHl 1:2 (/I « 6) 
WEHI i:j6(n - 6) 
WEHl 1:32 {fl - 7} 

RA SF (n « 20) 
RA ST (n * 2) 
RV$ SF (n • 7) 
OA* SF {n - 3) 


epm 
493 ± 67 
520 t 128 
31.710 rfc 4,040 
3,478 ± 688 
2.318 ± 250 

2,9i0 t 329* 
2,965 

1,246 ± I56t 
73$ jt 100 


1 i t n ^! '''"'P^'"^ ^i'^ A < 0.05 compcircd with RV SF. 
< p < fl.OOl compared with medium. 

s^pTndylit^r'^'* ""'^'^"^ 
* OA, osteoarthritis. 



ol'oarthrlit s?hT^ '^"^ SF < 0.05). Noninflammatory 

^rt 7 *"PP°" "^^-l proliferation, 

on ^'7 ^""^^ ST were assayed for CSF activity 

on nonadherent bone marrow cells from CBA/J mice. After 10 d, colonies f>50 cc S 
were counted (.ee Tabic II). hK5M-CSF had no effect on murine marrow cell colony 
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FicURE 2. Mast cell proliferation assay (A) 
Dosc-rcsponse curve of WUHI.3 supernatant 
(lL-3) on murine mast ccUs. Murine bone 
marrow-derived mast cells (sec text) were cul- 
tured for 48 h with serial twofold dilutions of 
WEHI supernatant or test sample. Cells vwrc 
pulsed with (^HlTdR for the last J8 h. (B) 
Rcprcicniativc examples of RA SF dose re- 
sponse* on murine mast cells. 
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Taule n 

BJfcci of ST and SF on Murine Bone Marrow 



Sample 


CoIonics/10^ ceils' 


Medium 


0 


mIL-3 (100 U/ml) 


no 


hGM CSF (80 U/ml) 


0 


hCSF-i (50 U/ml) 


34 


RA SF (n - 5) 


34 t 54 


RA ST (a « 5) 


21 t 5 


Psoriatic SF (ii = 3) 


0- 


RA scrum (n « 4) 


0 


Normal xcnitn (n o 3) 


0 



• Colonics counted after 10 d. Dau expressed w mean minibcr of colonics per 
10^ cells in duplicate cultures. 



formation, although human G-CSF (data not shown) and CSF-J were active. Five 
RA SF samples were tested in the CSF assay, and four were positive (sec Table II). 
AN five supeniatants from RA ST supported colony growth. Three of the five RA 
SF and 2/5 RA ST had been previously tested for MCGF and all were positive. 
Colonies appeared between days 3 and 5 and persisted for >2 wk. Some disease 
specificity was suggested by the finding that none of the three psoriatic SF tested 
were positive. When individual colonies were selected from RA fluid cultures and 
stained, most were found to contain macrophages, although some mixed colonies 
containing both granulocytes and macrophages were occasionally identified. Because 
the factor was produced by ST explants, it would appear to be made locally. In sup- 
port of this, we found that four RA and three normal serum samples were negative 
in the CSF assay despite the fact that one of these patients had high CSF activity 
in SF (120 colonies/lO^ cells). 

Characterization of CSF and MCGF Activity in RA SF While these studies were in 
progress, the hIL-3 gene was cloned (12) and the recombinant product was produced. 
To our surprise, hrIL-3 did not stimulate either murine mast cells or murine bone 
marrow cells. This species specificity meant that the factors detected in the mast 
cell proliferation assay and the CSF assay were distinct from hrIL-3. Therefore, we 
attempted to characterize the factor(s) by Sephadex column chromatography The 
material responsible for colony stimulation and mast cell growth were distinct. Fig. 
3 demonstrates the results from one of three different experiments. When colony 
formation was measured with mouse bone marrow cells, two major peaks of CSF 
activity were observed, with mol.wts of ~4:0 and 100 x 10^ In another experiment 
using concentrated, pooled SF from five RA patients, a third minor peak was ob- 
served at a mol wt of ~25 x 10' (data not shown). 

The MCGF was considerably smaller, with a rhoj wt of '^'6 x 10' (see Fig. 3 B). 
This activity was heat and acid stable and was resistant to trypsin digestion (data 
not shown). As suggested by the biphasic dose responses in Fig. 2 B, high molecular 
weight inhibitors of mIL-3 (see Fig. 3 C) and hMCGF (data not shown) were also 
present in RA SF. In this experiment, known amounts of mIL-3 or MCGF were 
added to mast cells in the presence of various column fractions. Inhibitory activity, 
was present in the high molecular weight fractions. It is not known whether this 
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Figure 3. Fractionation of RA SF. 2 ml of 
SF were concentrated fourfold and fraction- 
ated by Scphadcx G-IOO column chromatog- 
raphy. Size standards at top are aJi^cd for 
all (hrcc assays illustrated. {A) CSF. SF frac- 
tions (20% by volume) were added to dupli- 
cate cultures of murine nonadherent bone 
marrow cells. Colony count represents sum 
of colonies after 10 d, (B) MCGF. Mast cell 
proliferation assay performed as in Fig. 2 
using 1 : 16 dilution of cadi fraction. (C) mIL-3 
inhibitor. Mast cell proliferation assay per- 
formed as in Fig. 2. In each well, WEHl su- 
pernatant (1 :8 dilution) was added along with 
l.*16 dilution of SF fraction."*. 



IS due to a specific inhibitor or a toxic constituent of SF. but it is probably the reason 
that high concentrations of SF were less active than dilute SF in the mast cell assay 
I<UnUjuatu,n oflh, CSF Present in th, Rhiumoloid Joint. The predominance of mac- 
rophage colonies and the lack of species specificity suggested that the primary CSF 
in joint effusions detected in the murine assay is CSF-J. Furthermore, CSF-l has 

tnn ^^^"^^ ^0-50 '0') CSF in SF (40 and 

100 X 10^). These different forms of CSF-1 are due to variable mRNA splicin? and 
glycosylation (13). To confirm the presence of CSF^I. a specific RIA Was used to mea- 
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sure CSF-i levels in (wo ST supernatants and two RA SF samples. The RIA v\^s 
positive in each case and correlated with the results of the bioassay (see Tabic III). 
To positively identify the CSF detected in the murine bone marrow assay as CSF-1, 
ST supcrnatants were prcincubatcd with a neutraliising mAb to CSF-l (14) and were 
.subsequently assayed for residual CSF activity (see Table IV). The majority of the 
CSF activity was neutralized in two of the three samples tested (the colony count 
for ST 25 was too low to determine a neutralizing effect accurately). The antibody 
alone had no effect on murine bone marrow cells and did not inhibit colony forma- 
tion induced by murine IL-3 (data not shown). Finally, RA synovial RNA was as- 
sayed for CSF-1 mRNA using a ribonucleasc protection assay. Four of five tissues 
assayed contained CSF-1 transcript (Fig. 4 shows two positive tiss\ies). 

Human Rheumatoid Synovium Docs Not Contain Detectable IL-3 mRNA. The growth 
factor bioassays used in these experiments detected CSF-1 and a low molecular weight 
MCGE Because no immunoassays or bioassays arc available that are specific for 
human IL-3, we attempted to measure IL-3 mRNA in RA ST cells using a sensitive 
and specific ribonuclease protection assay. As a positive control, the tissues were 
first assayed for IL-2'R transcript (sec Fig. 5^). The appropriate 170-base fragment 
was protected by synovial RNA, indicating the presence of IL-2-R mRNA. Fig. 5 
B shows several of the same tissues assayed for IL-3 mRNA. In this case, the 190- 
basc IL-3 probe fragment protected by stimulated Jurkat cells (a T cell line) or acti- 
vated normal PBMC (data not shown) was not protected in any of the ST assays, 
j^hcreforc, IL-3 mRNA was not detected in RA .synovium (<1-I0 messages per cell 

Discussion 

A conventional view of rheumatoid synovitis implicates activated inflammatory 
cells that indiscriminately secrete a variety of cytokines (1). T cell products in partic- 
ular are thought to be pivotal in this cascade. However, when levels of cytokines 
are actually measured, the cytokine milieu is not as complex as initially perceived; 
instead a restricted pattern of lymphokinc production emerges. For instance, IL-3 
(or at least its mRNA) is undetectable. IFN-y, a plentiful constituent in supcrna- 
tants of T cells stimulated with antigens or lectins, is virtually absent from ST and 
SF (3, 15), The amount of IL-2 in the rheumatoid joint is controversial; using bioas- 
says some investigatoi-s have observed IL'2-like activity (16-18), while others have 
not (19-21). This discrepancy is likely due to non-IL-2 cell growth factors present 
in the joint. Using an antibody to the IL-2-R and a specific immunoassay, we ob- 

Table in 
CSF-J Radioimmunoassay 



Sample 


CSF-1 (ng/ml) 


Colonic«/10^ cdls" 


Medium 


<1.5 


0 


SFJBt 


25 


120 
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6.3 


ND 


ST RB 
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CSF*I 50 U/ml 
CSF-I + Anii-CSr-n 
ST Z 

ST Z + an(i-CSF-I 
ST SW 

ST SVV + ami-CSF-l 
ST 25 

ST 25 + ami-CSF-J 



CoIonici/10* cells* 



64 
20 
53 
13 
51 
)5 
lA 
9 



Mean number of coJonics in duplicate cultures minus mean number ofcolo. 
n,« m contro rfi,h« Ann-CSFO antibody alone did not~c^m^| dt^ 
«.lony formafon and did not affce, mIL-3.supporccd eolony^lrmat^n 

m^tr^^P^T^'^'A:'^ ^'f ^""'^'^y ^^^^ ^^-^ neutralizing titer) for 60 
mm ai 4*0 before addmg cuUurc. ' '"^^ w 

served a CTLL stimulating activity in the joint distinct from IL-2. This activity 

::;^:rth?raTSr ' ' — ^ ^^-^ - 

IL 2Tv"'50%\t 'r"" -P-se of the indicatofrell S 

IL Z by -50% mstcad of ehminatmg it entirely. Also, it is only present in low con- 

s unhkely tha, s.gn.ficant levels of IL-2 would be masked by this inhibitor /G'so 

n W ''f "''^^ ''''^'^y- ^ potent ly rnorc 

K u /r""'"'' " ^'^^ '-^^'^'^ °f are produced but the lympL^ne 

s absorbed by act.vated cells. This could not be ruled out by the exptSts per- 
formed m thu, study, but in situ immunofluorescence studies of RA wTum ha, 
demonstrated httle IL-2. consistent with our observations (15). On th JXTand 
a rec t dy reported finding IL-2 mRNA in SF mononuclear cells ^d ST ce^; 
the fet of II' 2 tL.""" '^T 5=*^"* ^^"^'^^ 1^2. Regardless of 

In contrast to the conspicuous absence of IFN-y. IL-2. and IL-3 several n<.w 
tmtxes were identified in joint tissues and effusij;. The n^ajori^ of r1 SF and 
seL^^^^ T'^"r ^ ^""^ ""Ol^^^lar weight MCGF The MCGF may repre- 
sent anoAer member of a class of small immunomodulating peptides, which St- 
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Figure 4 CSF-1 mRNA U prcsciit in RA synovial tissue. The 
210 [""■^^"Sih probe is 311 basej and CSF-l mRNA protect* a 210- 
fragmtini from RNAsc digestion. Lane /. unstimulated U937 
RNA (negative control); Jane 2, PMA/ionophore -stimulated U937 
(positive control); lane ST 5; lane 4, ST6. 
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FioUBE 5 Ribonuclcasc protection assays of ST RNA. RNA was purified from digesicd ST 

a orotccicd fragment of •vl70 bases. Lane /, IL-2-R probe; lane 2, SI J; lane 5 ST ^, ianc 
4 ST 2 stimSd wi^ 1 ng/ml PHA for 3 d; lane 5, ST 3; lane 5. normal PBM cumulated 
witf 1 Is Hp^^^^^ for 1 d'c% -RNA i. not detected in RA ST cell. M 
lane 7, IL-3 probe; lane 2. stimulated J urk at cells; lane 3, ST 1; lane tf. ST 2; lane 5. SI 2 
stimulated with PHA for 3 d; lane 6, ST 3; lane 7, ST 4. 

eludes CTAPs and neutrophil migration inhibitory factors. The presence of MCGF 
could explain the local accumulation of mast cells in rheumatoid synovium and i>K 
Mast cells are a rich source of proteases and inflammatory mediators, 1^^^^ t"St^^^ 
mine, and may play a role in acute and chronic synovitis. An mhibitor of the MOOl' 
was also identified in SF. Local inhibition of MCGF by this factor may represent 
a negative feedback loop similar to those previously described for IL-1, IL-2. and 
IFN-y (3. 22. 24). 
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Inflammatory joint fluids also contain colony-stimulating activity. For instance, 
wc recently demonstrated GM-CSF in inflammatory SF (Xu, W. O., G. S. Fire- 
stein, R. Tactic, K. Kaushansky, and N.J. Zvaifler, submitted for publication). Human 
GM-GSF is species specific, however, and can not account for the CSF identified 
in this study Using murine bone marrow cells the majority of that activity is due 
to locally produced CSF-1. The role of CSFs in the rheumatoid process is not under- 
stood, but their spectrum of activity extends beyond the induction of colony forma- 
tion from immature precursors, since many oftiiesefactore have other immunomodula- 
tory functions. GM-CSF, for example, increases both IL-1 secretion and la expression 
in murine macrophages (25) and CSF-1 increases macrophage TNF production (26). 
Therefore, combinations of CSFs may cither dirccdy activate APCs or prime them 
for triggering by other cytokines, thus enhancing syjiovitis. 

To date, most of the mediators identified in synovial fluid or synovial tissue super- 
nal ants appear to be produced by non-T cells. Monocytes and macrophages arc likely 
sources of TNF (27), CSF-l (28), GM-CSF (29), IL-1 (30), and IL-1 inhibitors (24-), 
as well as prostaglandins (31) and collagenasc (32). Hence, macrophage, endothelial 
cell, or synoviocyte activation seems to be crucial to the immunoJogica! reactivity 
of the rheumatoid synovium. When one views the data on synovial ultrastructure 
in RA from this perspective, the evidence for T cell activation is limited. Most syno- 
vial T cells are small and quiescent in appearance, expressing very little surface la 
(33). Although IL-2-R arc present on some cells, the degree of expression at the 
mRNA level is comparable to that of resting peripheral blood T cells rather than 
mitogcn-stimulated cells (our unpublished data). This is in sharp contrast to the 
activated appearance of macrophages, which express high levels of membrane Ta 
(33, 34:), Although indirect evidence (such as the observation that RA may improve 
after thoracic duct drainage or total nodal irradiation) suggests that T cell activation 
is important in rheumatoid synovitis, the cytokine profile of SF and inflamed ST 
supports the notion that macrophage activation may be a primary event in RA. 

Summary 

Because previous studies showed low levels of IFN-y in rheumatoid arthritis (RA) 
synovial fluid (SF) and synovial tissue (ST) explant supernatants> we assayed RA 
SF and ST for IL-2 and IL-3-Iike activity Using an IL-2 dependent munne GTLL 
line, 6 of 14 RA SF caused increased thymidine uptake (greater than three times 
control). The activity was distinct from IL-2 because it was not blocked by antibody 
to IL-2-R. In addition, IL-2 was not detected (<50 pg/ml) in 16 joint samples using 
an ELISA. Multi -colony-stimulating factor (CSF) activity was measured using two 
assays that can detect murine IL-3 (mast cell proliferation, and bone marrow CSF). 
In the mast cell assay, [^H]TdR uptake was 493 ± 67 cpm for medium. 2,910 ± 
329 cpm in the presence of RA SF (^ < 0.001), 1,246 ± 156 cpm in the presence * 
of SF from patients with seronegative spondyloarthropathies (p < 0.001), and" 736 
± 100 cpm in the presence of osteoarthritis S¥ (p> 0.1). In the CSF assay, four 
of five RA SF and five of five RA ST induced colony formation from bone marrow 
nonadherent cells. Macrophage colonics were most common, although mixed colo- 
nies and granulocytes were occasionally observed. The multi-CSF activity in RA 
is not due to IL-3 since human rIL-3 was not active in either murine assay, and 
IL-3 mRNA was not detected in RA synovium. Sephadcx column chromatography 
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of RA SF revealed that the mast cell growth factor (^6 x 10^ mol wi) and the CSF 
('^'40 and 100 x lO** niol wt) are distinct. The colony-stimulating aspect of the "IL- 
3 -like" activity in RA SF is likely due to CSF-1 because it is the appropriate mol 
wt and because the activity was neutralized by specific anti-CSF-1 antibody. Finally, 
an RIA detected 1.6-25 ng/ml of CSF-1 in RA SF and ST and CSF-1 mRNA was 
detected in four of five RA synovial tissue samples tested. 

The authors ihank Ray Brccn and Julie L^er for technical assistance and Dcniso Smith 
for secretarial assistance. Useful discussions with Richard Maki, Ph.D (La Jolla Cancer Re- 
search Foundation) and Peter Ralph, Ph.D. (Cetus Corp.) arc acknowledged. Dr. R. Haicn 
Beck generously provided ami -CSF-1 antibody 
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